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HIGH AEFINriY HDNOCTTNAL ANTIBODIES TO 
BCWMAN-BIRK INHIBriOR IMMJNQASSAY METHODS 

BAOCTOCJND OF THE INVUmOT 

1. Field of the Invention 

The invention relates to and has among its objects the provision 
of hybridanas that produce anl secrete itonoclonal antibodies which 
5 have high affinity for Bowman-Birk inhibitor, iinmunoassay methods for 
the determination of Bowman-Birk inhibitor utilizing the monoclonal 
antibodies, and iinrnunoaffinity techniques for attaching Bowman-Birk 
inhibitor to a solid phase, 

2. Description of the Art 

10 The protein of legumes, especially soybeans ( Glycine irax)-, is 

widely used in human foods. Soy protein is used in a variety of 
forms including infant formulas, tofu, soy protein isolates, soy 
flour, textured soy fibers, and soy sauce. Soybean protein products, 
prcperly processed, serve as an excellent source of low cost, high 

15 quality protein for human needs* Saybear^s are even more widely used 
as a cotponent of animal feeds and eure a major export ccaiiirodity. 

Protease inhibitors occur widely in the legume family, coiprising 
5 to 10% of the storage proteins of the seed. Bowman-Birk inhibitor 
(BBI) encarpasses a class of lew molecular weight, double-headed 

20 inhibitors (that is, they have two reactive sites vMch bind to and 
inhibit proteases) . BBI's are products of a groip of simileo: genes 
and scane are also proteolytically modified. In the sojiDean, the two 
prixxzipal protease inhibitors are the Kionitz trypsin inhibitor (KTI) 
and the classical Bowman-Birk inhibitor, v^iich inhibits both trypsin 

25 arid chyinotrypsin. Recent evidence suggests that dietary protease 
inhibitors such as BBI may have a beneficial anticarcinogenic 
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effect throjgh their interaction with a cellular serine protease (j. 
Yavelowetal., ^e§sgj (gj^.) 43. 2454s-2459s (1983); J. 

Yavelow et al., Broceediins ^ ^Jg National Academy gS Sciences ^ 
82: 5395-5399 (1985)) , On the other hairi, aninal studies suggest 
that active (undenatured) protease inhibitors nay be tadc to humans, 
and may adversely affect nutrLtional quality. Because protease 
inhibitors have both beneficial aixi adverse effects, a need easts to 
deterndj» the amccnt aixi nature of active protease inhibitors present 
in foods and animal feeds, atxi determine the balance in food ^iuxH 
will result in cptimum benefit. In addition, methods for measuring 
protease inhibitors in plant tissues are needed for evaluatii^ the 
results of breeding and reccaribinant ENft. studies. 

one method to minimize the adverse effects of protease inhibitors 
in feeds is to reduce the anount of active inhibitor, i^^aoaches to 
15 reduction of active protease inhibitor content are pi^ical ani 
chemical treatanent of scy products and genetic alteration of the 
soybean crcp. Although the protease inhibitor activity is'largely 
inactivated fcy denaturation ttaot^ conventionally applied heat 
treatmsnts of spy flour, 10 to 15% residual activity remains (j. j. 
Radds et al., in M. Eriednan (ed.) Nutritional 313^ itoxicol^ri^i * 
giqnif^qanc^ of BjagS InhiJ^jters ic 299-347, Plenum Itess, 

New York (1986)). The problems with this approach are that the 
nature of the residual activity is difficult to characterize, arxi the 
process is costly in energy usage. Genetic rcdification of the 
soybean plant to develop varieties with low protease inhibitor 
content has inherent limitations. Desirable nutritional value and 
potential anticarcinogenic activity may be lost concanitant with the 
reduction of protease inhibitor content. Cross-pollination of tiie 
genetic variant by a wild-type cultivar could result in reexpression 
of protease inhibitor genes, in addition, some protease inhibitors 
W function to prevent predation of tHe crops by insects, si that 
sane protease inhibitory activities may be iatportant for the 
agronanio value of soybean cultivars. With either genetic or 

piysicochemical ^roaciies to the reduction of protease inhibitor 
activity, the ability to measure low levels of protease inhibitors in 
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soybean tissues and derived food products is essential. Since the 
effects of plant-derived protease inhibitors are of increasing 
inportance in human and animal nutrition, food safety, and plant 
genetics, it is important to establish the exact protease inhibitor 
5 caiposition of a sanple. What is needed is an assay for BSC vihich 
has the following characteristics: (1) it is sufficiently sensitive 
and accurate to measure the low levels of BBI that are present in 
processed foods, (2) it can differentiate between active BBI and 
denatured BBI in processed samples, (3) it can differentiate BBI fcom 
10 KH, and cptionally (4) it can diferentiate an individual BBI fnan 
other BBI's. 

Current assay techniques are not capable of faxviding this 
informtion. With regard to enzyme assa y s, because both Bfil and KTI 
exist as several isoforros, which are derived from different genes or 
15 are produced by proteolysis, it is impossible to establish the exact 
protease inhibitor conposition of a sanple throu^ enzymatic assay. 
Iforeover, enzyme assays often give inaccurate results with processed 
sanples having lew residual activity as found in ccramercial foods due 
to inhibition of enzymatic activity or interference by noiprotein 
20 conponents. Further, enzymatic assays do not differentiate among the 
various specific and nonspecific inhibitors present. 

Althou^ polyclonal antibodies vhxch bind BBI have been r^xa±ed, 
these molecules appear to have low antigenicity, lb overccsne this 
pnSslem, BBI crosslinked with glutaraldehyde was used to elicit an 
25 iamune response. However, sensitive immunoassay methods, useful to 
measure low levels of BBI that are present in seeds, tissues, or 
ccaiplex sanples including processed foods or feed could not be 
carried out using the prior art antibodies, with regard to 
antibodies to BBI that have been r^xarted, a first grotp of 
researchers, E. Offir et al., Israel Journal of Chemistry 9: 
17BC-18BC (1971) and y» Birk, Baver Symposium V "Prnteinasa 
Inhibitors ," Spriixfer-Verlag, Berlin, pp. 355-361 (1974), described 
^ antibodies to classical BBI which crossreacted with lima bean 
inhibitor (IBI) , (an inhibitor which is about 90% hcanologous to 
35 classical BBI) but had only sli^t binding to KTI. A second grot?). 
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D. L.-R. Hwang et al., B^ochffl4g et Bicohvsica Ac±a 495: 369-382 
(1977) and D. L. Hwanj et al., HiSfe Hivsiolociy 61: 30-34 (1978), 
deqc ri Jjed antiixdies elicited with glutarald^^^treated BBI, a 
treatment vhich appeared necessary to eUcit antxbcdies suitable for 
radioimunoassay (RIA) of BHI. Biis group set vp EEA's for BBI, 
usii^ BBI iodinated ^th^ss labeled ligand. Hie SI& relied on 
precipitation of the BKC-antibo^ oanplexes, did not use solid-fiiase 
metbods, and did not adrlrpqs the selectivity for active BBI as 
opposed to denatured BBI or IBI. Mbst strikingly, the m Vias 
insensitive— 0.1 vg BSl/mL was the a^proxlnate limit of sensitivity. 
Bie usefulness of sudi an assay would be liadted to very concentrated 
solvttions rich in BBI. Doe assay would not be useful for caiplex 
food sanples, for exanple. Tbe antibodies were used to distii^uish 
classical BBI frcm other protease inhibitors in soybean extascts and 
15 to monitor the release of inhibitors vpan germination of soybeans. A 
thina grcup of researchers, A. L. T&n^ilson a«i K. A. Wilson, 
BaSS^JSStoy 21: 1547-1551 (1982) ; A. L. l&i-Wilson et al.. Plant 
E^ioloqy 70: 493-497 (1982), and A. L. Ito-Wilson, et al., JtassDgi 
of Acrtfcultural aog itog^ Chemista-y 33: 389-393 (1985) also used 
antibodies elicited with glutaraldehyde-treated BBI. Hi^ noted 
changes in antiserum specificity during the course of iinnunization of 
the rabbits, and used a precipitation method— radial 
imamdiffusion— to measure cijanges in BBI during germination of 
sqi*eans and the concentration of BBI in different tissues of 
soybean. Only unlabeled BBI was used in these assays, aid 
specificity for active BBT as opposed to denatured BBI orlBI, or 
appUcability of msthods to food sanples was not addressed. 

Ihe production of monoclonal antibodies by fusion of spleen cells 
and nyelona cells has been dPsc ri bed previously by G. Kthler and c. 
Milstein, ISfiJEg 256: 495-497 (ia75) and many other investigators. 
Manodonal antibodies against protease inhibitors frcro aniital sources 
are Imown (Sea P. Herion et al. , Bioseieneft Reports 4: 139-148 
(1984)) . Monocional antibodies to the plant protease inhibitor Rn, 
a single-headed inhibitor of trypsin (molecular weight about 20,000), 
35 have been described and afpUed to the leasurement of KH in scy 
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sanples (D, Brandon and Friedman, Abstract, 6th International 
Congress of Imnunology, Toronto, Canada, July 6-11, 1986; L. 
Brandon et al,, in Friedman (ed.) Nutritional and Toxicolcxyical 
Significance of Enzyme Inhibitors is Foods . 449-467, Plenum Press, 
5 New York (1986), and D. L. Brandon et al., .TraiTroi of Agricultural 
and Food Chemistry 35: 195-200 (1987) ) . 

As stated above, previous investigators treated BBI with the 
crossi inking agent glutaraldehyde in order to render it sufficiently 
imraunogenic. It was therefote unknc^ whether the appropriate 

10 monoclanal antibody Specificity could be elicited with unmodified, _ 
low molecular wei^t (about 8000) BHI. It was also, unknown ^diether 
antibodies could be generated with hi^ affinity to BBI to provide 
for detection of low levels of BBI present in seeds, tissues, 
processed foods and the like. Further, it was unknown whether active 

15 BBI could be distinguished from BBI denatured by heat or chemical 
treatment or ^*ether sufficiently specific antibodies could be 
prepared. 'Vdaich could differentiate among classical BBI, and other 
BBI's such as LBI> It was also tmknown v^iether iinmunoassays would 
yield linear responses useful in detecting low levels of BBI in 

20 sanples containing mult^)le protease inhibitors and containing 

phytate, fat, fiber, and other potentially interfering substances. 
Further, it was unlaxwn \»*iether BBI could be measured in the presence 
of BBI-binding proteins such as chym o trypsin or other proteins \Aiich 
might be found in products and tissues derived frcro the soybean. Ihe 

25 identification of BBI as part of a corplex is iirportant because it 
wsuld allcw quantitation under conditions \Aaere enzymatic assays 
would be inaccurate or iinpossible. Quantitation of ccnplexes 
containing BBI in animal and human tissues is irrportant in studies of 
allergenicity of soy protein, in nutritional and toxicological 

30 studies, and in pharmacological investigations of anti-carcinogenic 
effects. 

Various immunoassays, including enzyme-linked immunosorbent assay 
(EIISA) methods have been used for quantitation of protease 
inhibitors like m (Brardon et al., 1987, scpra) . However, BBI has 
35 some features which made the practicality of monoclonal 
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an trihnriy - fa ased imrmnochemical methods uncertain. As Hicmegrvj above, 
BBI is a small moleaale of lew antigenicity in ratbits. It could not 
therefore be predicted that an junmune response could be generated in 
other ^ecies, such as the incuse, itirther, it could not be predicted 
5 tajat BBI could be attached to emother molecule for use as a labeled 
ligand with retention of its antigenic structure. Retexrticn of 
structure xaxJer "Hiese circunstances is necessary for synthesis of 
nonradioactive derivatives with long shelf life suitable for 
ccomercially useful assay kits. Retention of antigenic structure is 

10 essential to aciiieve the specificity and sensitivity required of -Hie 
innaanoassays. Further, it is kncsm -Uiat seme proteins urxJergo 
structural dianges vftiich affect their antigenicity vdien adsorbed onto 
plastic assay plates (S. E. Dierks at al., Molecular immunoloav 23: 
403-411 (1986) ) , so it could not be predicted that the antigenic 

15 sites of BBI and its conplejffis with proteases would be readily 
meaaorable utilizing solid-phase assay farmts. 

"Retention of antigenic structure would not be sufficient to 
permit a solid-phase assay. Binding by a snail nolecale liJoe BBI to 
the solid jdiase could leave the antigenic site or sites sterically 

20 hindered and unable to bind antibody, aherefore, it could not have 
been predicted that BBI could be coated on a solid r^a^o for a 
practical ELESA method. In addition, it was untaown whether a 
monoGlonal antibody with the a^prcpriate specificity and affinity f car 
BBI would also release BBI frcm the antibody ccnplex under 

25 conditions to permit a practical affinity ciiranatograFhy procedure. 
If BBI cculd not be released under nild conditions, it would not 
retain its native configuration, and the method mi^t be ngoioei? for 
porif ication of BBI or for specific targetiig of BBI to a iw^^^^ilar 
site. Further, it was not e:qjected tiiat BBI could be bound by 

30 specific mcmoolonal antibodies and fully retain its ability to 

interact with a protease, for exanfOe, diyitatrypsin. The antibody 
cxjuld cause a c±iange in the shape of the chynotrypsin-reactive site 
or could sterically hinder this site. Ohe ability of an antibody to 
bind without altering or hindering the chynotrypsin-reactive site 
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would pexioit targetmg BBI to a particular tumor cell, for exairple, 
\diere it could react with a chymotrypsin-like site inportant in 
carcinogenesis. 

SUMMARY OF THE INVENTrCN 
5 ThB invention ccnprises hybrid cell lines (hybridanas) vAiich 

produce and secrete manoclonal antibodies having hi^ affinity for 
Bowmanr-Birk inhibitor, Die high affinity of monoclonal antibodies 
described herein can produce an assay sensitivity 100-fold greater 
than polyclonal antibodies of the prior art (analyzed by inhibition 
10 enzyms-linked immunosorbent assay (ELESA).) . 

We have found that hi^ affinity antibodies can be obtained by 
imnonization with BHI that has not first been treated with the 
crosslinking agent glutaraldehyde. It was surprising that the 
appropriate monoclonal antibody specificity could be elicited with 
15 unmodified BBI is a lew molecular wei^t protein becaiase, as 

discussed above, previous workers used glutaraldehyde-treated BBI for 
inKunizations and stated that xmcrosslinJced BBI is not sufficiently 
iinrnunogenic to elicit suitable antisera. Our results demonstrate for 
the first time that unmodified BBI is immunogenic to mice, elicits an 
20 antibody response, and activates sufficient numbers of spleen cells 
to permit hybridcanna" formation. 

Another aspect of the invention is the provision of hic^i affinity 
monoclonal antibodies to BBI ^ch have one or more of the following 
additional characteristics: (l) they are specific to the active form 
25 of BBI, that is, they react and bind with undenatured BBI, but do not 
bind with BBI vMch has been denatured by heat or disulfide exchange; 
(2) they do not react ard bind with KET; (3) they distii^uish 
classical BBI from other BBI's includir^ IBI; ani (4) they bini 
BBI-protease corcplex, e.g., BBI-chymotrypsin. High affinity 
30 monoclonal antibodies to BBI having some or all of the aforementioned 
characteristics are enocaipassed by the invention. 

AiXDther aspect of the invention is the provision of screening 
methods to obtain higji affinity monoclonal antibodies to BBI having 
the aforementioned characteristics. 
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Still another aspect of the invention is the provision of 
isanunoassay methods for the determination of BBI -^cfa vitilize the 
monoclonal antibodies described above. Because t5ie assays utilize 
high affinity monoclonal antibodies vrtiich can detect BSE at very low 
levels, and cptionally be specific for active BBI, or an individual 
BBI, car not cross react with KEI, the invention fulfills the 
in^iortant needs described above. 

Another important point is that assays using monoclonal 
antibodies of the invention &re capable of detecnir^ low levels of 
BESL in sanples containing maltiple protease inhibitcas ani in the 
presence of polyphenols, phytate, fiber, and other substances ^ddch 
interfere vdth existing assays. 

Another aspect of this invention is to provide antibodies and 
immunochemical methods for bindirg, measuring, targeting of BBI, even 
IS viien the molecule is bound to chyootrypsin or a similar enzyme, ihe 
ability to detect BBI while it is bound to other proteins is a unique 
attribute of the niethods described herein, and facilitates 
quantitation of BBL in ccnplex mixtures such as foods, sanples 
derived froro plant tissues, or in tissues or fluids derived fran 
20 humans or animals. In addition, the methods can be used to target 
BBI to specif ic sites. Diese sites could be part of a matrix vised 
for chranatogr^*y or they cculd be sites on turor cells, for 
example, aassical BHI could be targeted to cellular sites, without 
interference with its chymotrypsin-reactive site, by use of these 
25 antibodies. Such targeting would e^Jloit the anti-cancer effects 
attributed to the chymotr^in-reactive site. 

Another aspect of the invention is to provide kits for the assay 
of BBI's. 

Another aspect of the invention is to provide )d.ts for the 
analysis of soybean protease inhibitors by using the monoclonal 
antibodies of the invention together with manoclanal antibodies 
specific for KH. 

Another aspect of the invention is to provide a method for 
purification of BBI from crude extracts of plants using the 
35 monoclonal antibodies of the invention. 
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In sumrtary, this ijwention provides high affinity nonoclonal 
antiJxdies to BBI as a means for: (i) accurately and rapidly ' 
neasurijig low levels of BBI sudi as are present in processed foods; 
(2) specifically measuring active BHI in the presence of denatured 
forms; this would aUow for monitorii^ active BBI in processes used 
to inactivate protease inhibitor activity so as to minimize caamage to 
a food and minimize energy requirements of the process; (3) 
distinguish!!^ between the principal protease inhibitors found in 
sqj^5eans which cannot be distinguished ty other nethods; (4) 
screening soj^sean seeds in plant breeding studies; (5) screening new 
plant varieties, plant tissue cultures, and microbes for the 
e:?5ression of genes coding for BBI; (6) accurately deteminii^ the 
levels and sites of localization of BBI in tissues and fluids of 
animals and humans; (7) "attachii^ BBI specifically to preselected 
15 sites; and (8) purifying BBI. 

In accordance .with this discovery, it is an object of -the 
invention to provide monoclonal antibodies with a hi^ affinity for 
BBI and methods of using the antibodies for facile 'and accurate 
ineasurement of BBI. 

20 Another object of the invention is to provide imraunoassay methods 

for measurement of BBI in very low levels in plant tissues and 
pmc e s sed foods. 

It is still a further object to provide a method to study the 
expression and regulation of plant protease inhibitor genes. 
25 Still another object of the invention is to provide Jdts useful 

for the assay of BBI. 

It is a further object of the invention to provide a nethod to 
attach BBI to a specific site without impairing its reactivity with a 
protease- 



so 



A further object of the invention is to provide a method for 
purifyuxf BBI. 

Other objects and advantages of this invention will become 
readily apparent from the« ensuing description. 
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BRIEF DESCRIPrrCN OF THE CE^AWINGS 
FIG. 1 shews an ELESA standard curve for BBI aid assay curves for 
LSI, KEE^ and BBI denatured by treatzoent with scdiuni sulfite at 
85*^C xising a hi^ affinity monoclanal antibody with specificity to 
5 active BBI pr^sared in accordance with the invention. 

FIG. 2 shews a standard curve for BBI by EEZSA using manoclonal 
antrilnody of the invention and biotinylated BBI. 

FIG. 3 shews a standard curve for BBI by ELKA usinj nonodonal 
antibody of the invention and BBI-HRP. 
10 FIG. 4 shews ELTSA of BBI, BBI-trypsin, and BBI- chy m oUy psin 

cccplexes. 

FIG. 5 shows analysis of BBI in spy-based infant formula by 
ELESA. 

FIG. 6 shews gel electrophoretic analysis of purified BBI, an 
15 isolate frcm soy meal, and the retained and flow-throu^ fractions 

froa two affinity ehrcmatography experiments using agarose celled' to 
manoclonal antibody to BBI. 

FIG. 7 shows EEJSA standard curves for BBI using polyclonal 
antibodif or monoclonal antibody of the invention. 
20 DETAHZD DESCRIPnON OF THE INVENTIOI 

Definitions. 

Bowmanr-Birk inhibitor is defined as airy one member of a family of 
lew molecular weic^t protease inhibitors naturally occurring in the 
I^mnin^ae/ with molecular wei^t about 8000 (7800-8800) and a 

25 single polypqjtide chain of about 70 to 80 amino acid residues, 
inclxading 7 cystines. Bcwinan-Biric inhibitors are double headed, 
i.e., have two reactive (protease-binding) sites and can bind 
simultaneously with two protease molecules. !Ihe specificity of the 
reactive sites for proteases (e.g. , trypsin, chymotrypsin, elastase, 

30 etc.) depends on the specific inhibitor. Variants and synthetic 

products with honnlogous structure and protease inhibitory activity 
are included. 

Ihe classical BBI double-iieaded inhibitor of diymotrypsin aid 
trypsin obtained froia soybeans has a molecular wei^t of 7995 
35 (Y. Birk, 1974, supra) by amino acid analysis. The amino acid 
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cxarposition and sequence of this molecule are known (S. Odani and T. 
Ikenaka, Journal of Biodhemistry 74:697-715, (1973)) and consist of 
71 amino acid residues. Minor variants and synthetic products based 
on the same structure are included in the definition. 
5 Lira bean inhibitor is defined as BBI frcm lima beans and is as 

much as 90% homologous in amino acid sequence with classical HBI. 

Denatured BBI is defined as BBI ^ghida has been treated to cause 
at least 90% loss of protease-inhibiting activities. Exeitplary of 
such treatinents are: steam treatnent at 121"C for 20 minutes; 
10 treatment at 85*C or higher* for 1 hour with a disulfide modifyirg 
agent, that is, a conpqund v4iicfa induces breakage aix3/ar 
rearrangement of the disulfide bonds of undenatured BBI. Such agents 
include N-acetylcysteine (NAC) and sodium sulfite. Esctrapolations 
from these conditions to cause loss of chymotrypsin- and 
15 trypsin-inhibiting activities can readily be determined by test nms. 

Active BBI is defined as BBI vAuch has not been denatured as 
described above. 

Hi^ affinity monoclonal antibodies to BBI are defined as 
monoclonal antibodies vdiich bind BBI with an affinity constant of at 
20 least 8 x lo"^ M. Affinity constant is defined as the reciprocal of 
the concentration of BBI which results in half-maximal binding of 
antibody in inhibition ELTSA or equivalent affinity determined by 
other techniques. 

Methods. 

25 Tlie methcd of pr^)aring the hjiDridaroas conprises the following 

st^s: 

Immunization. The immunizing preparation consists of a protein 
mixture including BBI. It may contain other proteins, or it may be a 
hcanogeneous, pure preparation of a single Bowraan-Birk inhibitor or 
30 could be used without treatment. Ihe preferred immunization 

preparation is an untreated, purified preparation of a sirgle BBI. 
However, cptionally, the pure protein or protein mixture can be 
treated (such as by crosslinking or attachment to an immunogenic 
carrier) • 
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As disoissed above, polyclonal antibsdies repor ted by previous 
vjoricers were prepared vsirg glutaraldehyde-treated BBI for 
imtamizations. BBI's are snail moleailes of iow antigenicity in 
rabbits. It could not, therefore, be predicted that an ijmajne 
response could be generated in other species such, as the nouse. Our 
invention is the first r^xart that uncrosslinloed BBI is iBtnunogenic 
in mice, elicits an antibody response, and activates sufficient 
spleen cells to permit hybridooa formation. 

Ihe pr^jaration of h^addcna cell lines can be done by tecimiques 
which are well Imown to those vbo are skilled in the art. (See, for 
exanple, G. KSiler and C. Milstein, 1975, si?>ra; European Journal of 
^^t^^^ogy 6: 511-519 (1976) ; ItoprowskL et al. , U.S. Patent No. 
4,196,265, and Wands, U.S. Patent No. 4,271,145, all of vMcti are 
herein inoorporated by reference.) 
15 lbs. choice of animal for immunization is limited by the 

availability of the fusion partner— the_ permanent plasmacytoma cell 
line, and mouse, rat, and human l^ridcttas have been prepared by many 
investigators. Mice are jaref erred because of ease of handling. 

Inoculations of the animal can be by various routes. A series of 
20 inoculations, generally at three weeJc intervals, with an immunogen 
such as a BBI protein pr^aaration emulsified in ccoplete Fremd's 
adjuvant, elicits good antibody respcaise after two to three 
inoculations. A su^ested inoculum is 10-100 pg of BBI 
enulsified iii ccnplete Ereund's adjuvant. Other routes and 
25 immunization schedules and other adjuvants or no adjuvant are 

alternatives. In addition-, the generation of an immune response can 
be performed in vitro. 

•JtiB choice of cell line as fusion partner can influence the 
results, including frequency of ceU fusions and growth 
characteristics of the resultii^ h^doma. However, many ceU lines 
are widely available. Exemplary of two cell lines are P3-NSl-l-Ag4-i 
and the closely related P3X63-Ag8.653. 

Production of Hybrid Cells. Cell fusion techniques, selection 
procedures, and methods for growth of hybridoaas are Jcnown to those 
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skilled in the art. In one effective cell fusion procedure, 
poly(eth7lene glycol) (PEE) is used in the fusion step, and 
l^Tpaxanthine-aininc?rt:erin-thyin^ (HftT) is lased in the selective 
mediuni* 

Analysis of Rybridcmas. The grcwing colonies are -^f^^ for the 
presence of antibodies that recognize the antigenic determinants of 
BBI. Detection of l^ridana antibodies can be perforned with a 
variety of assays. We have found that one way is to attach BBI to 
the surface of assay wells in a multiweU microtitration plate 
of polystyrene and Widely available ccnroercially. Standard assay 
inethodology and widely used conmercial reagents, such as rabbit 
anti-^ncuse immunoglobaLm G (igG) antihodies attaciied to horseradish 
peroxidase (HRP) , can be used to reveal the presence of antibodies in 
the culture s^pematants, Ihe ability of the antibody to bind 
15 selectively to an individual BBI can be tested at this stage, or 
after cloning. It is preferred to confirm the specificity of the 
BBI-antibody interaction by usiixr inhibition ELISA, or equivalent 
analytical method. 

Cloning of H^Dridonas. Cloning of hybridomas vMch are positive 
20 for desired antibocty production can be carried out as soon as they 
are detect e d by any method Jcnown to the art* In the preferred 
embodiment, cloning is acccstplished by limiting dilxjtion in liquid 
medium. The cloning procedure can be repeated to increase the 
probability of clonality. Antibocty-secretij^ hybridcnas can be grown 
25 in a variety of vessels, in devices such as holla/ fibers, or within 
a host animal. 

Systematdc Screeniirr of Clones. To obtain the monoclonal 
antibodies of the invention, systematic screening is carried out as 

Preliminary Screening. Supernatant culture fluid feom the cloned 
hjiDridanas of interest is cptionally submit±ed to a preliminary 
screening to confirm the presence of antibodies that recognize the 
antigenic determinants of BBI. We have found that the direct binding 
assay (or titra1:ion) , using plastic assay wells coated with BBI, is a 
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cxsnvenient and efficient tecimique for the preliminaiy screening 
st^. 

Screening for Hi^ Affinity Sntilwaies to BHT. Si^^matant 
culture fluid fraii the cloned l^bridomas of interest is screened to 
select antiixxiies having a hic^x affinity for BBT as defined above. 
Affinity can be measured by ary technique taown in the art for 
exanple, inhibition HISA, equilihrLum dialysis usii^ labeled BBI, or 
KEA. Where the contenplated use of the antiba^ is in an tttc^ 
assay, inhibition ELCSA is the screening technique of dioice. 
Inhibition ELTSA is conducted at a final antiba^ concentration 
(i.e. , dilution fran tissue culture supernatant) to give 50 to 100% 
of naxiinal binding to a BBI-ooated assay well. Antiboc^ is mixed 
with a range of concentrations of BBI, incubated, and applied to the 
assay plate. Tbe plate is then incubated, washed, and developed as 
15 for the direct binding assay. Antibodies are selected which are at 
least 90% inhibited frcm binding to the solid jhase by BBI at less 
tiian 100 ng/ml. 

It was une^^ected that antibodies having such high affinity to 
BBI wculd be generated. Althoucfi polyclonal antibodies to BBI have 

20 been r^rted, the antibodies of the invention can produce an assay 
sensitivity (analyzed by ELESA) 100-fold greater than the polyclonal 
antibodies of 1±e prior art. 

rtotfaer, it could not be predicted that nonodonal antibodies to 
BBI could be useful in imnunoassays such as the direct binding 

25 ass^. It is 3aiown that sane proteins undergo structural changes 
^ch affect their antigenicity when adsorbed onto plastic assay 
plates, so it could not be predicted that the antigenic sites of BBI 
would be readily measurable using solid-phase assay fonnats. it was 
not known v*ether adsorption of a snail protein like BBI to the solid 

30 phase would leave the antigenic site or sites sterically hindered and 
unable to bind antibody. Therefore, it could not have been predicted 
that BBI could be coated on a solid phase for a practical ELISA 
method. 

Screening for Antibodies which are Specific for Individual 
35 BBI's. Screening for antibodies which are specif ic for one or rorr 
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individual BBI's is cxanducted by screening the high affinity 
antiJbodies to BBI obtained above for those which do not biid to other 
BBI's, Ihis can be carried out by any technique known in the art, 
for exanple, inhibition ELISk and the lilce. It is preferred to test 
5 for binding with a direct binding assay, using the other BBI's f^r^t^ 
an a solid phase. Antibodies are selected which show no bindirq to 
the other BBI's. Since antibodies with suc±i specificity are rare, 
and the direct binding assay provides a very rigorous test of 
specificity, sane desired antibodies will only be screened pmiperly 

10 by inhibition ELESA. Diis screening is conducted with the individual 
BHI's co ate d on the solid phase. Antibody is xised at a concentration 
giving 50 to 100% of maximal bindii^ to the iidividual BBI, and is 
mixed with other BBI's at a range of concentrations from 10 to 10,000 
ng/ml. Antibodies are selected v^ch show no inhibition by the other 

15 BBI's 1?) to at least 1000 ng/ml and v*iich show at least 100-fold 

increased binding to the individual BBI corrpared to the other BBI's, 

Screeniirr for Antibodies Which Do Not Bind to Denatured BBI. 
Screening for high affinity antibodies to BBI vdoich have the 
additional characteristic that they do not react and bind with 

20 denatured BBI is conducted by any technique known in the art, for 
exairple, inhibition ELESA. BBI may be denatured using the several 
conditions described above. 

Screenii^ for Antibodies lhat Do Not Bind to KTT. Screeniig for 
antibodies \Aiicli do not bind to KEC is conducted by testing the hi^ 

25 affinity antibodies to BBI obtained above for those v*iich do not bind 
to KTI. Ihis can be carried out by any technique known in the art, 
for exaitple, inhibition ELESA and the like, as in the paragraph 
above. 

Screening for Antibodies Which Can Bind BBlHZl^Tnatrypsin 
30 Ccsiplex. Screenii^ for antibodies ^ch can bind BBI ^ch is in a 
coiplex with chymotrypsin is conducted as follows. Ihis procedure is 
applicable to inhibitors with at least one chyirotrypsin-reactive 
site, for exanple, classical BBI. Cdrrplexes of BBI with diynotrypsin 
are fonned by mixing BBI with d^motrypsin in a molar ratio of 1:3. 
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After a suitable tiroe, e.g., about 10 miinites, pherylmethylsulforyl 
fluoride is added to inhibit excess dynotrypsin. B5I cxaplexes and 
a cantrol sanple of BHI are diluted serially for inhibition ELESA 
using the appropriate oonoentcation of monoclonal antibociy, inca±ated 
for about 30 minutes, and e^plied to BBI-ooated assay plates for 
abait 40 minutes. Plates are develc^jed as described above. 
Antibodies are selected >«iidi have identical binding for BSC and BBI 
C Qip lexes wiai chymotrypsin. Biis procedure is applicable to 
screening for antibodies wfaicii can bind to other BBT-protease 
ccnplexes, for esanple, ccnplexes with trypsin or elastase. 

Ohe antibodies of t2ie invention possess several unique features. 
Bie monoclonal antibodies of the invention are specific for HHT. 
Ihey are of high ^parent affinity, ^diich maJces them suitable for a 
wide variely of immunoassays. Binding can be achieved in the very 
IS low concentratiOT range of 10 to 100 ng/ml, suitable for analysis of 
residual levels of BBI in ccnplex, processed foods. Antibodies can 
• be obtained whicix do not bind to KEI and do not bind to BBI ^iiicii has 
been denatured by heat or disulfide exchange. No equivalent 
specificity or sensitivity of analytical inanunocheniical methods has 
20 yet been r^jorted in the literature. SensiUvity of immunoassay is 
at least 100-fold greater than reparted by Hwang et al. , 1977, supra. 

The antibodies can bind to BBI \Ad.di has been labeled with, a 
molecajle sudi as biotin or HRP. Retention of antigenicity by labeled 
BBI with respect to the monoclonal antibodies of the invention is a 
25 imique feature, would enable a variety of convenient labeled 

forms of BBI to be used in' immunochemical rethcds. Bie antibodies of 
the invQition can be covalently attached to a solixi phase such as 
agarose with retention of activity. BBI bound to the antibodies of 
the invention can be released by mild acid treatment, Diis treatment 
does not denature the antibodies, permittii^, for exanple, multiple 
uses of affinity chromatogiaphic matrices containii^ the antibodies. 

The above features are surprising because it could not be 
predicted that the low molecular weic^it BBI would elicit a sufficient 
antibafy response to permit the isolation of monoclonal antibodies 
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specific for BBI and with sufficient affinity to permit sensitive 
iinrnunochendcal methocas. It could not be predicted that monoclonal 
antibodies could be prepared v^iich would not bind to BBI denatured by 
heat or disulfide exchange. Further, it was not expected that 
5 TOnodonal antibodies to BBI would yield immunoassays \*icii agreed 
closely with enzymatic assays for sairples of BBI with low residual 
activities following heat and chemical treatments. It was unknown 
^ther hi^ affinity antibodies specific for BBI could bind to BBI 
in the presence of chyinotrypsin. In addition, it was ur^jredictable 
10 that monoclonal antibodies to BBI would have appropriate affinity and 
stability to permit immunoaffinity techniques. It was also unknown 
vAiether BBI could be attached to another nolecule to make a labeled 
ligand with retention of its antigenicity with respect to highly 
specific, high affinity monoclonal antibodies, 
15 Hybridomas which produce and secrete hi^ affinity monoclonal 

antibodies to BBI were prepared as described above. Pepresentative 
of these is clone 238 ^ch produces and secretes antibodies that 
have hi^ affinity to scr^bean BBI and do not crossreact with KH, 
IBI, or denatured BBI, Clone 238 has been deposited in the American 
20 Type culture CoUection, Rockville, Maryland, with the accession 
number AICC HB 9657. 

Uses of Monoclonal Antibodies of the Invention, 
Measurement of BBI. The ireasurement of BBI is carried out using 
the monoclonal antibodies of the invention. The preferred method is 
25 use of ELTSA. 

Inhibition ELESA, In this assay, a saitple to be analyzed is 
incubated with monoclonal antibody specific for BBI. rortions of 
this mixture are transferred to any solid phase, such as wells of an 
assay plate, a bead, or a solid-state electronic device, coated with 

30 native BBI. After an incubation (one hour preferred) , the solid 
phase is drained, washed, and rinsed, and bound antibody is 
detected, The preferred method of detection on an assay plate or 
bead is use of an enzyme-labeled second antibody recognizing the 
monoclonal antibody. HRP and its substrate, 2,2'-azinQbis-3- 

35 etlQrlbenthiazolinesulfonic acid (ABIS) , are preferred reagents for 
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labeling and msasurir^ bocxxi antibodies. The iinmunoassay can be 
perfcanned using other labels, such as radiolabels or circarcphores, or 
with directly labeled manoclonal antibocty. If an electronic device 
is used as solid phase, an c^jaxpriate electronic detector is xised. 
5 A standard curve relatiiq- the amount of bound TOnodonal anttbodsr 

to BBI concentration is constructed from assays using authentic BBI. 
Die concentratian of BBI in the sairple is determined by reference to 
the standard curve* 

Oatpetition ELESA. In this variation of the assay, monoclonal 

10 antibody specific for BBI is attached to a solid phase, with 

miltiwell plastic microtitration plates the preferred embodijient* 
Oovalent attachment to a surface, bead, solid-state electronic device 
or relatively nonspecific adsorption to such surfeces may be 
enployed. Saitple to be analyzed is mixed with an appropriate amount 

15 of labeled BBI, which can be labeled with biotin, HRP, or other 

l abel s such as cbranophores, radiolabels, paramagnetic labels, and 
the lite* Bie mixture of labeled BBI and analyte is applied to the 
solid phase, and after incubation (one hour preferred) , the solid 
phase is drained, washed and rinsed, and bound labeled BBI is 

20 determined by a method d^^endent on the surface ani label used, in a 
preferred embodi m ent, HRP-labeled BBI is visualized with ABIS as 
substrate. Bie amount of BEE in the sairple is determined with 
reference to a standard curve as described above. 

Attachment of BBI to a Ttogeted Site. Itonoclonal antibocfy 

25 specific for BBI is specifically attached to the site of interest. 

Diis attachment could be divalent (as in Escanple 3, below) or could 
be through another antiboc^ molecule birdii^ site, for exanple. 
aus, the monodcnal antibody specific for BBI can be combined with 
another antibody specific for the site of interest by techniques 

30 known to the art. BBI will then be able to bind selectively at the 
site of interest, and still be able to inhibit proteases. 

Qiaracterizing the Trypsin Inhibitory Activity of Soybeans by 
Distinguishing Between BBI and KTI. An extract of soy 
pi^'otein-cQntaining substance such as a seed or tissue of a sq^oean 
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plant or a food is prepared by any tedmique known in the art. BBI 
is ineasured in a portion of the extract as described above in 
'"^Seasu^ement of BBI," with cattpetition ELTSA the preferred 
eiribodiinent. KEI is laeasured ty aiy imrnunoassay ]e>cwn in the art, 
5 with the preferred ernbodiroent being oorpetition ELTSA lising 
monoclonal antibodies specific for KEC, 

Measurement of Active BBI in Processed Foods. BBI is measured as 
described above in "Ifeasurement of BBI," using monoclonal antibodies 
of the invention vSiich are s|5ecific for active BBI. Ihis is 
10 described in detail in Exairple 2 below. 

Ifeasurenent of BBI Which Is In a Oorrplex With Protease. BBI 
viiidh has a reactive site for. a protease, e.g. , chynotrypsin, can be 
measured in the presence or absence of the protease by followir^ the 
procedure described above in "Measurement of BBI," using antibodies 
15 of the invention viiich have been screened for their ability to bird 
^ to BBI-protease oorrplex- Diis is described in detail in Exairple 1 
belcw. 

-Applicability of Techniques. 

The choice of particular technique and reagents depends on the 
20 particular application, since siuplicity and cost (ainor>g other 
parameters) vary. Bit anyone skilled in the art could apply the 
generalized techniques. 

These procedures for analysis of BBI--containirg sanples can be 
readily autcnated, for exairple by provision of axitcanatic pipetir^ 
25 equipxnent and automated ELESA reader and computer. Ihe invention can 
also be adapted to a variety of kits, in which antibody, suitably 
labeled BBI, or anti-immunoglobulin, substrate, ard standards are 
sti^jlied in separate containers, or, as appropriate, coated on solid 
Jiiases. The surface could be a plastic assay dish, a bead, or 
30 electronic solid-state transducer that would pennit on-line 

monitoring, for exaitple. Reagents may be provided in solid or liquid 
form, ihe assay could also be arranged as a qualitative assay— such 
as mi^t be used in a quality control application. In such a format, 
the appropriate reagents would be coated on surfaces and si?plied in 
35 solutions at concentrations viiich would reveal a positive assay if 
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more than a predetemLned miniimim of BHI vere present in the sairple. 
Such a kit could include itaterials for assay of Kn and thus oacprise 
a method for detennination of both major pt " t <-g^?=g> inhibitors, of soy* 
. The sanple can consist of ary product vhicfa may contain BBr,r 
5 including foods derived from legumes, sucii as flour, infant formulas, 
meat products containing soy extenders*, or any tissue derived frcm a 
plant, or organism e:qjressing a gene product similar to BHI, Ihe 
sanple oculd be a human or animcil tissue, for exairple in determimng 
the fate of BKE in the digestive tract or its presence on a r^ll 

10 surface, within a cell, or as an immune ccnplex. 

Bie ELTSA methods could be applied in several vays, (a) Focd 
sanples cculd be analyzed for BEE remedning after thermal treatment 
or after fractionation of protein isolates, (b) Hie relatively 
stable BHI molecule could be used as a marker to detect soy protein 

15 as an adulterant in meat products, Sucii ^plications would benefit 
frcm- the added sinplicity and speed of assays using labeled BBT, BBI 
can be labeled with biotin ester or HRP to provide a stable, easily 
detected ligand in \fl4iich the BBI antigenicity is retained, (c) In 
plant genetics, the EEISA could detect the product of the BBI gene or 

20 closely related genes. For exanple, the ELISA could be used to 

detect levels of BHI in seeds used in breeding studies, ^rtiere it may 
be desirable to eliminate BHI activity \duJLe retcdning the hi^ 
sulfur content of the BBI polypeptides. Antibodies to BBI mi^t 
detect altered forms of BBX ^idch have nodif ied reactive sites but 

25 similar three-<iimensional structures- Cultivars containing such 
structures could have hi^er nutritional value than conventional 
cultivars and would require less thermal processing, (d) It may be 
useful to detect an altered form of BBI with chymotrypsin inhibitory 
activity— and thus possible anti-carcinogenicity— but without the 

30 trypsin inhibitory activity associated with pancreatic toxicity. 

Another application of the monoclonal antibodies to BBI is 
affinity purification of BHI. In addition, the successful attachmsnt 
of antibody to agarose demonstrates that antibody-directed targeting 
of the inhibitor is feasible. 
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An important potential application of these findings is the 
targeting of BBI to specific cellular sites. For exanple, a 
bispecif ic antibody — with one site specific for a tumor cell antigen 
and the other for BBI — would provide a means- to deliver BBI to tumor 
5 cells. Since tumor cells have surface proteases similar to 

chymotrypsin which appear to regulate oellxalar proliferation^ the 
selective^ antibody-mediated attachment of BBI to these cells could 
be an effective cancer: treatment, 

EXftMPIES 

10 Hie f ollcwing etenples are intended only to further illustrate 

the invention and are not intended to limit the scope of the 
invention ^^iiich is described by the claims. 

EXAMPLE 1 

Uiis exarple describes determination of BBI using inhibition 
15 KT.TSA, 

Protease Inhibitors. Kunitz soybean trypsin inhibitor obtained 
frcaa Sigma Chemical Co., St. Icuis, IfD, was characterized by 
polyacrylamide gel electrcphoresis and by inhibition of trypsin as * 
described by M. Friedman et al. , Journal of the Science of Food and 

20 Agriculture 33:165-172 (1982). KEE was determined to be isoform a. 
Standard solutions were pr^sared in pho^iiate-buffered saline (PBS) 
(150 irM Nad, 5 KM sodium phosphate, pH 7.0) or PBS with 0.01% NaN3 
(PBS-N3) . HiB solutions were adjusted to 1 mg/ml based on 
^80,1 mj/mL ^ ^ Kassell, Methods jj^ Enzvnplocrv 19: 853-862 

25 (1970) ) and were stored as aliquots at -20*^C. Die measureiaant of 

trypsin inhibitor activity and definition of TBJ were as described by 
Friedman et al., 1982, supra. 

Purified classical BBI was obtained firom Y. BirJc (Faculty of 
Agriculture, Hebrew University of Jerusalem, Rehovot, Israel) . lbi 

30 was obtciined £com Sigma Qiemical Co. Bie inhibitors were 

characterized by gel electrophoresis and by inhibition of trypsin and 
chymotrypsin. Standard solutions were prepared in PBS and their 
concentration was determined based on ^qq^ ^ itg/ml " 
(B. Kassell, 1970, si^ra) . 



wo 90/03574 



PCT/US89/03974 



- 22 - 

BBI was treated in a variety of ways to siinulate conditions ^^di 
arise during food proc es sing, A sanple consisting of 10 mL of 1 
ngr/ml BBI in 0.5 M Tris-d buffer, pK 8,5, was heated for 1, 2, or 3 
hcurs withcut any chemical agent or in the preserce of 1 s^ulL NAC or 
5 1 log^^ sodium sulfite. 

AnHbndy Prepairation. Mcsuse antibodies were elicited in Balb/c 
mice by two intraperitoneal inoculations at 3-week intervals with 
50 pg of purified BBI emulsified in ccnplete Freund's adjuvant. 
Antibody prodtrtion was assessed by ELESA. Monoclonal antibodies 

10 were prod u ced as follows. A BBI antibocty-^aroducing ncuse was 

inoculated intravenously with 50 pg of BBI in 0.1 ml of PBS three 
days prior to cell fusion. Equal numbers of immune spleen cells and 
nryelcma cells {P3X63-Ag8.653, Kearney et al., Jcumal of immunolociY 
123: 1548-1550 (1979)) were fused hj treatment with 50% PEG 1450 

15 (Bethesda Resea r ch laboratories^ Bethesda, MD) , and tiie fusion 
suspension was dispersed into 96-well tissue culture plates^ 0.2 
ml/well, at a cell density of 1.5 x 10^ cells/ml. I^ridcmas 
. secreting BBI-specif ic antibo(^ were identified fay EEISA* Fusion 
culture si:pernatants were harvested after two weeks growth, diluted 

20 (1*10) in PBS or 10 mg/ml bovine serum albumin (BSA) in PBS with 
0.05% iVeen 20 (BSA-PBS-Tween) , and applied to BBI-coated assay 
wells. Details are given below. Positive cultures were identified 
(greater than 0.5 absorbance units at 415 nm after 15 minutes) . 
Following transfer and eaqsansion of the cultures^ h^ridoroas were 

25 doned by limiting dilution. Clones were expanded in culture^ 
permitting harvest of scp^ratant^ freezing of f^il lines, and 
preparation of ascites fluid. Monoclonal antibodies were assayed for 
isotype by a solid-phase assay similar to the direct-binding assay, 
but using isotype-specific antibodies conjugated to 

30 ^-galactosidase (Southern Biotechnology, Birmin^^am, AL) . 

Myelona proteins (Litton Bionetics, Kensington, MD) were used to 
asses s the specificity of these antibodies. 

Screening for Antibodies which Distinguish between Active and 
Denatured BBI. 

35 * Preparation of BBI-<x3ated Assay Plates. Active BBI (5 /ig/ml, 

100 pl/well) was coated on polystyrene assay plates (Nunc, 
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Poskilde, Denraaric) ♦ Ihe plates were incubated for 4 to 6 hours and 
then washed with EBS-^een aid rinsed with distilled water. 
■ Heiraimng sites were blocked by incubating .for 1 hour with 200 
Ml/well of BSArPBS-^rWeen solution* Plates were then rewashed and 
5 xased irmnediately or stored for to 2 weeks in PBS with azide, 
Assay plates stored longer were less efficient in binding assays. 
Direct-binding Assays. Antibody sanples to be. assayed were 
serially diluted in BSA-PBS-Tween. The resulting sanples (100 
pl/well) were applied to BBT-coated plates, generally in 

10 triplicate, ax)d incubated with shaking for 1-2 hours. Plates were 
errptied, washed, rinsed with distilled water, and drained. Labeled 
reagent (100 /il/well of HRP-labeled rabbit anti-mouse IgG) 
diluted in BSA-PBS-Tween was added, and the plates were incubated for 
1 hour with shaJdng, then washed, rinsed and drained. Next, 100 

15 pl of substrate (1 m ABTS, 6.7 m 1^2^29 ^ sodium 

citrate, 4.2) vas added, and the absorbance at 415 nm was 
determii^ on a plate reader (Model 308, Bio-Tek Instruments, 
Burlington, VT) - Assays were generally read after 15 minutes or 
terminated by addition of 100 pl/well of 10% sodium 

20 dodecylsulfate. Antibodies (supematants from tissue cultures) \Aiich 
gave positive reactions were ^-ogj-M further. 

Inhibition ELESA. Antibody and active (untreated) or treated BBI 
were mixed and preincubated for 1-2 hours at room tenperature prior 
to assay. Antibodies were used at concentrations falling within the 

25 linear range of the direct binding assays above. Aliquots of the 

preincubation mixtures were assayed as described above for. the direct 
binding assays, using assay plates pr^^ared with classical BBI. FIG. 
1 shora that antibody from ATCC -HE 9657 is highly specific for 
initreated BBI, and discriminates against denatured BBI (treated with 

30 sodium sulfite at 85^C) . EEG. 1 also shows that there is no 
detectable crossreactivity with IBI, and less than 0.1% 
crossreactivity with KTI. Ihe minimal crossreactivity with KIT may 
well be due to traces of BBI in the sample of KTI. Gel 
electrophoresis patterns were also consistent with BBI contamination 
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of the KEI sanple. The irfiibiticn ELTSA curve for the native BBI 
sanple provides a standard curve which can be used to estiaate the 
aiDCiunt of EBI in test sasples. 

Antibady Purification. BAIB/c mice were injected vdth 
2,6,10,14-tetrainethylpentadecane (Aldrirh &emical Co., St. louis, 
M3) 10 days and 3 days prior to intraperitoneal inoculation with 2 x 
10^ viable h^iridanas. Hi^-titer ascitic fluid and seta were 
ctitained froa four of six treated mice within 3 weeks of 
inoculation. For i:ise in assays, the IgG fraction was purified fnan ' 
ascitic fluid or by ammonium sulfate precipitation airi cftrcnatography 
on (diethylamxno)ethyl cellulose CWhatman, Ltd., Maidstone, U.K.). 

Oaupetition ELESA. ihe assay was onrrhictaa on assay plates 
coated with purified IgG anti-BBi (10 ng/mL, 100 nl/mL) . 
TMowwns or standard samples containing BBI were ptemixed with equal 
15 volumes of biotiiylated BBI or BBI-HRP and incubated in the ass^ 
wells (100 A*Vwell# 1-2 hours at rocm tenjjerature with sfaaldng) . 
Ohe binding reaction was ccnplete within one hour, with no change in 
binding between one and two hours. When biotinylated BHT was used, 
plates were again washed and rinsed and the assay wells were next 
20 incubated with str^rtavidin-HRP conjugate (Amershani Corp. , Arlii^ton 
Hei^jts, IL) , 100 nl/vell, for 1 hour at rocm tenperature, with 
shoeing. For either label, unbound HRP cGrrjugate was removed by 
washii^ and rinsing the plates and the bound HRP was visualized by 
addition of ABES substrate solution, 100 pl/weU, with incubation 
25 for 15 minutes. Bie absorbanoe was determined at 415 nm on an ELTSA 
plate reader. FIGS. 2 and 3 illustrate standard curves obtained 
usirg this technique. 

Assay of BBI in the presence of trypsin or chymottypsin. m 
brief, canplexes of BBI with trypsin or chymotrypsin were fonned by 
30 inixiig BBI with trypsin or ch^nottypsin in a molar ratio of 1:3. 
After 10 minutes, excess protease was inhibited hy addition of 
phenylmethylsulfOTyl fluoride. BBI canplexes or controls were 
serially diluted with the monoclonal antibo^ from ATCC HB 9657, 
incubated for 30 minutes, and applied to BBl-coated assay plates for 
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40 minutes. Ihe plates were developed as descriJsed for inhibition 
EUSA and resulted in the assay curves plotted in FIG* 4. It is 
apparent that interaction of BBI with ch y iDO try psin does not affect 
its interaction with antitody fraa lOCC HB 9657. !Ihus, this antibody 
5 could bind BBI, even \4ien BSI was found in a ccsaplex with 

chymotrypsin. Antibody binding to the ccaa:plex with trypsin was much 
weaker, suggesting that the epitope overlaps with the 
trypsin-reactive' site. 

' EXAMEtE 2 

10 Enzymatic assays. Inhibition of trypsin activity was reasured 

at rooa tertperature in 0.4 M Tris-Cl, 0.01 M CaClj, pi 8.1, with 1 
icM p-toluene-sulforyl-L-arginine methyl ester as substrate. Bovine 
trypsin (Sigma Chemical Co.) was present at 0.1 ^g/rcl and was 
preincubated with inhibitor for 6 minutes. Absorbance at 247 nm was 

15 recorded for 3 minutes for reactions conducted in the presence or 
absence of inhibitors. 

Inhibition of chymotrypsin activity was determined at room 
tenperature in 0.04 M Tris-Cl, 0.05 M CaCl2, 7.8, with 0.5 irM 
benzoyl-'L-tyrosine ethyl ester as substrate. Bovine chymotrypsin 

20 (Sigma Qiemical Co.) was present at 0.2 /^g/ml and was 

preincubated with inhibitor for 6 minutes. Absorbance at 256 nm was 
recorded for 3 minutes for reactions conducted in the presence or 
absence of inhibitors. 

Extracts of infant formula pcwier or soy meal (milled and r^ss^ 

25 throo^ a 60 mesh sieve) were prepared by suspending 500 rog of 
nondefetted powder in 15 ml 0.5 M Tris-Cl buffer, pH 8.5, and 
stirring for 1 hour at room tenperature. Ten or 20 /xl aliquots 
of the unfiltered suspensions were used for measuring inhibition of 
trypsin and chymotrypsin. 

30 Ccsrparison of enzymatic assay and ELTSA of BBI. BBI was treated 

at 85°C in buffer only, or in the presence of NAC or sodium sulfite 
as describe in Exanple 1. Ihe resulting sample was assayed for 
trypsin and chymotrypsin inhibition by enzymatic assay as described 
above and for activity in the inhibition EKCSA, losing the antibody 
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frm ATOC HB 9657. Relative ELISA activity was calculated as 
foUcws, Die mi^int of the inhibition curve was used to determine 
the concentration of sanjile that inhibits antibody bindin? by 50% 
(I50) . Die IgQ was sdso ccc^xited for a control sairple* ELES& 
5 activity relative to thia c on trol was f^ir-!iTafa^ as follows: 

Percent activity = [I5Q (control) x lOOj/IgQ (sanple) . 
Ihe results of this analysis are shown in liable 1, 



TABLE 1 



% Activity Remaining 



20 



Chemical Time 
Agent (hours) 


Qiymotrypsin 
Inhibition 


Trypsin 
Inhibition 


BBI 
(ELISA) 


None 


1 


75 


87 


105 




2 


67 


85 


100 




3 


60 


69 


100 


NAC 


1 


8.7 


15 . 


8.7 




2 


4.0 


8.0 


4.9 




3 


2.0 


4.3 


2.7 


Sodim sulfite 


1 


6.7 


13 


6.9 




2 


3.7 


5.6 


2.3 




3 


1.8 


3.1 


1.0 



It is ^parent that there is excellent agreement between the 
ELESA results and the enzymatic assay, especially in the crucial area 
of lew residual activity. It should also be noted that for sanples 
not treated with a chemicaiL agent, almost all of the 13 to, 31% loss 
of activity, as measured by inhibition of ciiymstrypsin, was regained 
idien the sanples were dialyzed. ^I'g apparent reversible 
denaturation by heat alone may thus aoaxmt for discrepancies between 
enzymatic ajid immunochemical assays for sli^tly inactivated BET 
sanples. 

Analysis of thermal inactivation of BEE in soybean meal. In 
these studies, a commercially grown cultivar (Williams) was conpared 
to a low trypsin inhibitor isoline LBl-4590 (T. Hymowitz, in 
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Nutritional arid Toodcolcxrical Significance of Enzyme Inhibitors in 
Foods , Ed. M, Friedman^ Plenum Press, Nev York, 291-298, 1986) . 
Soybeans were ground in a Defy mill, sieved throogh a No, 60 mesh, and 
subjected to heat treatiaent in an autoclave at 121°C* Tris-d 
5 txaffer (0«5 M, pH 8,5) was then added (10 ml per 300 mg of soy aeal) , 
and the slucxy was homogenized with a "Tissuemizer" (Ttekmar Co. , 
Cincinnati, OH) and stirred for 2 hours at rocm tenperature. 
Suspensions were assayed for trypsin and ctymo tr ypsin inhibitory 
activity after a preliminary assay to determine the app r o pr iate 
10 dilution in water to achieve 40 to 60% iiihibition. Saitples were 

analyzed for BBI by inhibition ELISA lasing monoclonal antibody frcm 
ATOC HB 9657. OJie results are summarized in Table, 2. 



TABLE 2 









% 


Activity Reiraming 




15 


Variety 


Autodacving 
Time (inin) 


C3iyinotrypsin 
Inhibition 


Trypsin 
Inhibition 


BBI 
(EIZSA) 


20 


Williams 


10 
20 
30 


83 
38 
18 


64 
26 
17 


84 
1.9 
1.4 




LSl-4590 

(ti ti) 


10 
20 
30 


40 
10 
7.0 


83 
9.3 
2.3 


59 
1.7 
0.09 



25 All the values are stated relative to iriheated control sanples. 

These valxies are as follows. Die Williaiis saiiple inhibited 150 
chymotrypsin imits or 4800 trypsin units inhibited per gram and 
contained 2.9 mg BBI per gram. LBl-4590 inhibited 143 chymotrypsin 
xmits or 2500 trypsin xanits per gram and contained 3.0 itg BBI per 

30 gram. 

The data illi:istrate that the meal from L81-4590 is indeed lower 
in trypsin inhibitory activity, consistent with the absence of KEE in 
this cultivar. In addition, both the chymotrypsin and trypsin 
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10 



inhiidtary activities appear more heat-labile in L81-4590, with wtb 
than 90% inactivatim in 20 oin. Significantly, the ELESA analysis 
indicates that BHT is inactivated more rapidly than the total trypsin 
or ciq^motrypsin inhibitory activities. Die differences in the ELES& 
and enzymatic data, nest striking in the sanples with vecy lew 
residual activity, reflect contributions of nonprotein inhibitors of 
the enzymes, and possibly other minor protease inhibitors. 

Analysis of soy protein infant fonnula. Iscmil infant fonmla 
powder (lot No. PET 08976, Hbss laboratories, Columbus, CH) was 
pjTCtesed at a local store, ihe fonnola was reconstituted and 
analyzed by inhibition ELESA, with or without the addition of a 
"spiJce" of authentic BBI. FIG. 5 illustrates inhibition EUSA curves 
for spiked and urspiJced sanples. Three analyses yielded the value of 
7.4 + 0.5 fig BHT/gram protein. 
15 EXAMEEE 3 

Eneparation of antibody-agaiose affinity si?port. One gram of 
cyanogen bronider-activated a g arose CSepharose 4B, Riarmacia, Inc. , 
Piscataway, NJ) was washed and swollen in 1 rM HCl. Monoclonal 
antibody frctn ATOC HB 9657 (19 ng in 6 ml of 0.1 M NaHOOj, 0.5 M 
20 Nad, pH 8.3) was added to the agarose and shaJcen for 2 hours at room 
tenperature. Ihe agarose was then washed, unreacted sites hlociked by 
treatment with l M ethanolamine, pH 8.0, for 4 hours, the agarose 
washed again and stored in EBS-N3. Ihe bindir^ capacity of the 
antibody-agarose matrix was determined to be 10 BBVml matrix. 
25 Affinity purification of BBI frcm soy isolate. Sq^seans fran the 

Williams cultivar were grdmd in a Wiley mill and passed throo^ a 40 
mesh sieve. Ihe meal was extracted with buffer arxi fractionated by 
anBDonium sulfate precipitation ana gel filtration on S^iiadex G-lOO 
(Hiarmacia, Ino.) as described by D. L.^. Hwang et al., 1977, supra, 
i«t without the addition of msrc^Jtoethanol to the buffers,, one ml 
of the resulting isolate was appUed to a column containii^ 3.5 ml of 
the agarose matrix and allowed to bind for 20 min. Ihe column was 
then eluted with PBS and the flow-throu^ was collected. Retained 
proteins were then eluted with 0.1 M acetic acid. Column firactions 



30 
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were dialyzed against water, lyophilized, redissolved in 0.1 to 0.2 
ml PBS, and amlyzed hy electrophoresis in a polyacrylamide gel (12% 
acxylainicJe, 0.3% methylene bisacrylamide, 0.4 M Tris-Cl, pH 8.8, 
containing 4 M urea) . FIG. 6 illustrates the electrcphoretic 
5 results frcm two separate e^qjeriments, follcwing staining with amido 
blade. Ihe retained fractions have one band with the ncbili-ty aid 
antigenicity of native BBI. 

ZXMmZ 4 

Qatparison of Affinity of Monoclonal Antibodies and Fblycloncil 
10 Antibodies to BBI. Antisera were prepared from blood drawn one week 
after two intraperitoneal inoculations of BAIB/c mice with 50 fig 
of classical BBI emulsified with coirplete Freund's adjuvant, as 
described in Example 1. The resulting polyclonal antibody 
preparation was cortpared to monoclonal antibody from ATOC HB 9657 by 
15 inhibition ELESA, as described in Example 1. Ihe ELISA results are 
illustrated in FIG. 7. Ihe monoclonal antibody of the invention 
produced a standard curve indicative of 100-fold higher sensitivity 
than the polyclonal antiboc^. 

It is understood that the foregoing detailed description is given 
20 merely by way of illustration and that modification and variations 
may be made therein without departing from the spirit and scope of 
the invention. 
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Having tijus desciibed our invention, we claia: 

1. A canfcinucus h^id ceU line whicii produces and secxHtes 
monoclonal antibodies having high affinity for Eoaran-Birfc inhibitor 
(BBI). . 

2. oontinucus l^farid ceU line described in cOaim 1 ^*e^ 
said Donodonal antibodi^ are specific for the active fom of BBI, 
that is, th^ do not bind with denatured BBI. 

3. ^ ocsntinuous iqibrid ceU line descrited in claim 1 

said monoclonal antibodies db not bind with Kmitz trypsin inhibitor 
(kh). 

4. nie continucus l^rid ceU line described in claim 1 wherein 
said mnoclonal antibodies are selective for an individual BBI. 

5. Ihe continuous h^rid ceU line described irt claim 1 wherein 
said monoclonal antibodies bind BBI-protease carolex. 

6. Die continuous l^rid cell line described in claim 1 obtained 
usii^ an iimunization pr^aration conprisii^ BBI -.iiich has not been 
treated with a crosslinlcing agent. 

7. Ihe continuous hybrid cell line of claim 1 vdiich produces and 
secretes high affinity monoclonal antibodies to soybean BBI whicii do 
not bind with KEC, denatured BBI, or lina bean L-nibitor (ISI) . 

8. Mbnodonal antibody havii^ high affinity for BBI. 

9. monoclonal antibody of claim 8 ;^ch is specif ic for toe 
active form of BBI, that is, it does not bini with denatured BBI 

10. Ihe monoclonal antibody of claim 8 which does not bind with 

KIT. 

11. nie monoclonal antibody of claim 8 ^ch is selective for an 
individual BBI. 

12. Ihe monoclonal antibody of daim 8 which binds BBI-protease 
ccnplex. 

■» 

13. Ifcnoclonal antibody of claim 8 which does not bind with Rn 
denatured BBI, or LBI. - ' 
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14. A method for screening for nonoclonal antibodies ;*Licii 
distinguish between active and denatured BBI, xAiich ccnpdses: 

(a) assaying BBI and denatured BBI to detemtme amount of 
protease inhibitory activity; 

(b) preparirg a solid pbase coated with BBI; 

(c) selecting those antibodies ^ch bind to said solid phase; 

(d) assaying the selected antibodies ty inhibition EUSA usii^ 
BBI and denatured BBI; ard 

(e) selecting assayed antibodies ^ch bini with BBI and 
denatured BBI in prcportion to said amount of protease 
inhibitory activity. 

15. A method for determining the amount of BBI in a sauple, which 
corprises: 

(a) incubating a sairple with a monoclonal antibody specific for 
BBI to c±rtain a mixture containing monoclonal antibocty bound to 
native BHI in said sanple and taibound antibody; 

(b) contacting said mixture with a BBI-coated solid phase to bind 
said unbound antibody; 

(c) separating said solid pihase-bound antibody from said 
contacted mixture; 

(d) detecting said s^arated solid phase-bound nonoclonal 
antibody with labeled antibocty; and 

(e) determining the amount of BBI in said sanple by ccaiparing the 
amount of det ec ted labeled antiboc^ to a standard curve. 

16. A method for determining the amount of BBI in a sanple, which 
cxxtprises: 

(a) incubating a sairple with labeled BBI to obtain a loixture; 

(b) contacting said mixture with a solid phase ryvj^-hori with 
monoclonal antibot^ specific for BBI to bind native BBI in said 
sanple in said mixture and labeled BBI in said mixture; 

(c) separating said solid phase-bound labeled BBI from said 
contacted mixture; 

(d) detecting said separated solid phase-bound labeled BBI; and 

(e) determining the amount of BHI in said sanple by canpariig the 
amount of detected labeled BBI to a standard curve. 
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17. me method of claim 15 ^*erein said sample is selected from 
the gro?) oonsistiiig of plant, aniaal or human tissue or fluid, a 
plant seed, a substance containii^ the product' of a gene deriv^ from 
a plant, and a foodstuff. 

18. me method of claim 16 >*ierein said sanple is selected fran 
the group consisting of plant, animal or human tissue or fluid, a 
plant seed, a substance oontainii^ the product of a gene deriv^ fran 
a plant, and a foodstuff or plant tissue. 

19. A method for attaching BBI to a solid phase, ;*ich caiprises: 

(a) attaching a monoclonal antibcdy specific for BBI to a soUd 
phase ky a covalent or noncovalart: bond; and 

(b) contacting said solid phase with BBI to form solid 
phase-bound BBI. 

. 20. A kit useful for the detection of BBI in a sample, which 
catiprises a carrier being oonpartinentalized to receive one or nore 
•containers in close confinement therein; a first container means 
conprisiirr a monoclonal antibody which is specific for BBI; and a 
second container means comprisiig detection means selected frcm the 
group consisting of labeled BBI, labeled monoclonal antibody specific 
for BBI, and labeled immuneglobulin viiicih binds to Dcnodonal 
antibody specific for ffll. 



wo 90/03574 



PCT/US89/03974 



1/6 




eiioeTiTMTie" euB-ttrT 



wo 90/03574 



PCr/US89/03974 



2/6 




0 1 2 

Log BBI (ng/mL) 

FIG. 2 



100 



c 
□ 
o 

ca 

a. 
cc 
n 
I 

M 
CO 
03 




12 3 
Log BBI (ng/mL) 

FIG. 3 



eiiDeriTi i 



wo 90/03574 



PCT/US89/03974 



3/6 



ID 




O 
O 



O 
CD 



o 

CD 



O 





JZ 






u 
1 


\- 




l-H 


1 

M 


DO 


m 


CD 


m 


m 


DQ 


□ 


O 


O 



m cn 
c 



I— I 

OJ CO 
CD 

U\ 
O 
_J 



o 

C\J 



O 
Ll. 



(%) punog Apoqii^uv 



SUBSTITUTE SHEET 




SUBSTITUTE SHEEl 



wo 90/03574 



PCT/US89/03974 



5/6 



FIG. 6 
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